10/566363 

IAP5 Rec'd PCT/PTO 3 0 JAN 2006 

MACHINE AND METHOD FOR BUILDING TIRES 

TECHNICAL FIELD 
[0001] The present invention relates to a method and a machine for building 
5 tires, and aims at improving the uniformity of tires and, in particular, the so- 
called radial force variation ("RFV") level, wherein the radial force may be 
referred to as "RF". 

BACKGROUND ART 
[0002] Uniformity of tires is one of the most important factors in terms of the 

10 product quality, and improvement in the uniformity level is a prominent goal of 
development. With respect to RFV level, among others, efforts have been taken 
wherein various factors that may degrade the RFV level are investigated one by 
one, so as to establish appropriate countermeasures, and ensure that such 
countermeasures are properly taken and managed to thereby improve the RFV 

15 level. This sort of efforts actually resulted in the desired improvement, though 
to some extent only. 

[0003] There are numerous factors that may be correlated to degradation of 
the RFV level, and it would be practically impossible to take countermeasures 
with respect to each and every such factors. Therefore, further improvement in 

20 the RFV level based on this sort of approach is becoming even more difficult. 

On the other hand, an advanced method for improving the RVF level irrespective 
of the factors is under investigation, wherein information based on the RF 
waveform measured online with respect to a tire of the required size is fed back 
to the building process so as to perform an online control of the predetermined 

25 factors correlated to the RF variation, to thereby provide an improved RFV level. 
However, an effective control method is yet to be developed, 
[0004] The present invention has been accomplished in view of such problems 
of the prior art. It is an object of the present invention to provide a tire building 
machine and tire building method capable of providing an improved RFV level, 

30 wherein information based on an RF waveform that has been measured online, or 
a waveform of a tire characteristic correlated to such RF waveform is fed back to 
the building process so as to perform an online control of predetermined factors 
correlated to the RFV variation, so as to provide an improved RFV level. 
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DISCLOSURE OF THE INVENTION 
[0005] The present invention has been conceived to achieve the above- 
mentioned object, and characteristic features and functions of the present 
invention will be fully described below. 
5 [0006] A first aspect <1> of the present invention provides a tire building 
machine comprising a bead core transfer device including a pair of clamp 
portions for clamping a pair of bead cores, respectively, and placing the clamped 
bead cores at positions axially spaced from each other by a predetermined 
distance, and a band drum having an outer peripheral surface for applying a 

10 carcass band thereon and causing a radial expansion of at least an axial portion of 
the carcass band so that it is pressure-bonded to inner peripheral surfaces of the 
bead cores. The tire building machine further comprises band drum rotation 
angle control means for rotating the band drum on which the carcass band is 
applied, by a required angle that is determined by a radial force waveform 

15 obtained, before building of a desired tire, with respect to a tire of the same size, 
or by a characteristic waveform having a correlation to said radial force 
waveform; and inclination control mechanism for causing a center axis of at least 
one of the clamp portions of said bead core transfer device to be inclined relative 
to a center axis of the band drum, in a predetermined direction, and by a required 

20 angle that is determined by said waveform. 

[0007] The tire building machine constructed as above operates based on a 
radial force waveform obtained, before building of a desired tire, with respect to 
a tire of the same size, or by a characteristic waveform having a correlation to the 
radial force waveform, so as to perform an online control of the relative position 

25 or relative angle between the center axis of the carcass band and the center axis 
of the bead core. Such online control function makes it possible to provide an 
improved RFV level of the tires, as will be explained below. 
[0008] As used herein, the term "first order harmonic component" of the 
waveform refers to a first order component obtained by a Fourier transformation 

30 of the waveform. The term "positional deviation" of the center axis of the 

carcass band and the center axis of the bead core means that these center axes are 
eccentric to, and parallel with each other, or refers to the amount of eccentricity. 
The term "angular deviation" between these center axes means that they are 
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inclined relative to each other, or refers to the amount of relative inclination. 
Both "positional deviation" and "angular deviation" are vector quantities, each 
having a direction and a magnitude. 

[0009] In order to provide a significantly improved RFV level of the tires by 
5 feeding back information based on an RF waveform of a tire, which has been 
measured online, and performing an online control of a waveform of an RFV- 
related factor of a tire to be built at a later timing, such as a waveform of a 
widthwise position of a tire member in its circumferential direction, it is 
necessary that the correction for changing the waveform of an RFV-related factor 
10 can be uniquely correlated to the resultant change of the RF waveform, and that 
the magnitude of the change in the RF waveform relative to a unit operation for 
changing the RFV-related factor, i.e., gain, is large. 

[0010] The inventors conducted thorough investigation of the waveforms of 
the RFV-related factors that may be the subject of the control, and found that 

15 there is a clear correlation between the first order harmonic component of the 

waveform ("cord path waveform") obtained by individually measuring the length 
of the carcass cord ("cord path length") extending between the both bead cores, 
and performing such measurement of the cord path successively in the 
circumferential direction of the tire, on one hand, and the first order harmonic 

20 component of the RF waveform of the tire. To be more specific, it has been 
found that these first order harmonic components coincide with each other in 
phase, and are proportional to each other in amplitude. It has also been found 
that the amplitude and phase of the first order harmonic component of the cord 
path can be uniquely correlated, respectively, to the magnitude and direction of 

25 the positional or angular deviation of the center £ixis of the bead core, relative to 
the center axis of a carcass band, which has been cylindrically applied in the 
building stage. 

[0011] Based on the results of the above-mentioned investigations, the 
inventors further fond it possible to obtain a presumption formula for presuming 
30 a first order harmonic component of the RF waveform that would be generated in 
a product tire upon setting of the bead cores to the outer peripheries of a 
cylindrical carcass band, due to the positional or angular deviation between the 
center axis of the carcass band and the center axis of the bead core, to arrive at a 
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conception that the RFV level can be effectively lowered by performing a 
correction operation for relatively changing the position or angle of the center 
axis of the bead core with respect to the center axis of the carcass band. Here, 
the term "relatively changing" means that the change may be made with respect 
5 to any one of the center axis of the bead core and the center axis of the carcass 
band, or both of these center axes. 

[0012] The concept according to the present invention will be explained 
below with reference to the waveforms shown FIGS. 1(a), 1(b), 2(a) and 2(b), in 
which the abscissa indicates the circumferential position. As for the origin of 

10 the abscissa, for example, when the carcass member is applied to the forming 
drum, the leading and trailing ends of the carcass member are joined to each 
other at a predetermined standard position of the forming drum so that the joint 
position is a common origin for all the waveforms thereby making it possible to 
correlate the waveforms to each other. The waveform XI shown in FIG. 1(a) is 

15 a waveform of RF in a tire, and the RFV of this tire is Vxl. It is possible to 
perform Fourier transformation of the waveform shown in FIG. 1(a), so as to 
obtain a first order harmonic component Yl as shown in FIG. 2(b), and this first 
order harmonic component Yl is identified by an amplitude Vyl and a phase ^yl. 
Subsequently, this waveform is inverted to obtain an inverted first order harmonic 

20 waveform Zl. The inverted first order harmonic waveform is shown in FIG. 2(a), 
and has an amplitude and phase, which are Vyl and (j^yl - 180°), respectively. 
[0013] As mentioned above, the magnitude and the direction of the positional 
or angular deviation between the center axis of the carcass band and the center 
axis of the bead core, which would generate the inverted first order harmonic 

25 waveform, can be calculated by using the predetermined presumption formula. 
Furthermore, when a tire having the same size as that subjected to measurement 
as shown in FIG. 1(a) is to be built by the same building machine, the tire 
building is performed by controlling and changing at least one of the center axis 
of the carcass band and the center axis of the bead core in a direction and by an 

30 amount, both obtained by the calculation with the presumption formula. This 
means that the waveforms shown in FIG. 1(a) and FIG. 2(a) are added to each 
other, so as to allow generation of a presumed RF waveform X2 shown in 
FIG. 2(b). In the case of this example, although the RVF of the tire would be 
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estimated to be Vxl, if the correction were not applied, it is possible according to 
the above-mentioned correction method to lower the RFV to Vx2. 
[0014] Incidentally, it is assumed as premise that tires built by the same 
building machine exhibit RF waveforms of the same tendency. Actually, 
5 however, even for tires built by the same building machine, other production 
conditions are often different between the tire for which the RF has been 
measured, and the tires which are subjected to the control according to the 
present invention. In this instance, if it is possible to determine the relationship 
between the measured RF waveform XX of a tire of which the RF has been 

10 actually measured, and a presumed RF waveform YY of the tire to be subjected 
to the control, under an assumption that the control is not performed, an even 
more effective correction may be performed by preparing a numerical processing 
formula for reducing the waveform YY from the waveform XX, applying the 
predetermined numerical processing to the measured waveform XX to calculate 

15 the waveform YY, and to apply the above-mentioned correction to the calculated 
waveform YY, as compared with the case in which the numerical processing is 
not performed. 

[0015] For example, consideration is made of a vulcanization-related 
waveform which is an RF fluctuation due to the fluctuations in the vulcanization 

20 stage, such as a dimensional fluctuation in the circumferential direction of the 
tire vulcanizing mold, etc., and a building-related waveform due to the 
fluctuations in stages preceding the vulcanization stage. With respect to these 
waveforms, it is possible to calculate the building-related waveform YY by 
subtracting known vulcanization-related waveform from the measured RF 

25 waveform XX of the product tire, and applying the above-mentioned correction 
to the calculated waveform YY so as to reduce the amplitude of the building- 
related waveform YY, while taking appropriate countermeasure as for the 
vulcanization-related waveform, e.g., minimization of dimensional fluctuation of 
the mold, to thereby provide an improved RFV. 

30 [0016] It has been explained above that the RFV can be improved by 

controlling the positional or angular deviation between the bead core and the 
carcass band on the building machine, based on the RF waveform of the product 
tire. However, instead of the RF waveform of the product tire, it is also possible 
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to measure the radial run-out waveform of a green tire ("RR waveform of GT") 
and perform control of the positional or angular deviation between the bead core 
and the carcass band on the building machine based on the RR waveform of GT. 
It is noted that the RR waveform of GT refers to a waveform of variation in 
5 radius at a widthwise center position on the outer periphery of the tread portion 
of the green tire, which is measured by a distance sensor while a rim is rotated 
after a green tire has been assembled to the rim and filled with an inner pressure. 
It is known that the RR waveform of GT has a close correlation to the building- 
related waveform. Thus, as explained above, it is possible to control the 

10 positional or angular deviation between the center axes of the bead core and the 
carcass band so as to generate an inverted first order harmonic waveform 
corresponding to the RR waveform of GT as measured, so as to minimize the 
amplitude of the building-related waveform and eventually provide a reduced 
RFV level of the product tire. 

15 [0017] The method for controlling the positional or angular deviation 

between the center axes of the bead core and the carcass band based on the RR 
waveform of GT is to measure the waveform before the vulcanization step for 
vulcanizing the tire, and makes it possible to measure the waveform immediately 
after the building of the tire, as the basis for the feed back control of the above- 

20 mentioned positional or angular deviation. As a result, it is possible to avoid 
vulcanization of less inferior tires and produce tires which are excellent in the 
RFV level. 

[0018] Since the building machine according to aspect <1> of the present 
invention comprises band drum rotation angle control means for rotating the 

25 band drum on which the carcass band is applied, by a required angle that is 

determined by a radial force waveform obtained, before building of a desired tire, 
with respect to a tire of the same size, or by a characteristic waveform having a 
correlation to the radial force waveform; and inclination control mechanism for 
causing a center axis of at least one of the clamp portions of the bead core 

30 transfer device to be inclined relative to a center axis of the band drum, in a 
predetermined direction, and by a required angle that is determined by the 
waveform, it is possible to control the direction and magnitude of the angular 
deviation between the center axis of the carcass band and the center axis of the 
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bead core, so as to generate the above-mentioned inverted first order harmonic 
waveform and thereby provide an improved RFV of the tires. 
[0019] As for the means for providing the above-mentioned positional or 
angular deviation, instead rotating the carcass band as performed in the tire 
5 building machine according to the present invention, an alternative method may 
be feasible wherein, upon displacement of the center axis of the bead core or the 
carcass band, not only the magnitude of the displacement, but also the direction 
of the displacement is controlled. However, the tire building machine according 
to the present invention utilizes an existing function of rotating the band drum, 

10 which function is usually provided, so that it would be sufficient for the 

mechanism for displacing the center axis of the bead core or the carcass band to 
have only a one freedom degree, with the result that the means for providing the 
above-mentioned angular deviation may be simplified to save the cost and space 
for the equipment, as compared to the alternative method. 

15 [0020] A second aspect <2> of the present invention provides a tire building 
machine according to aspect 1, further comprising a forming drum for applying 
to a radially outer side of a carcass band, which has been transferred from the 
band drum and to which the bead cores have already been applied, remaining tire 
constituting members, and forming drum rotation angle control means for 

20 rotating the forming drum by the angle for rotating the carcass band drum by the 
band drum rotation angle control means, in an opposite direction. 
[0021] The tire building machine according to aspect <2> comprises a 
forming drum for applying to a radially outer side of a carcass band, to which the 
bead cores have already been applied, remaining tire constituting members. 

25 However, due to the provision of forming drum rotation angle control means for 
rotating the forming drum so as to return the carcass band back to the rotational 
position before the application of the bead cores, it is possible to maintain the 
joint positions of the carcass band constituting members, such as carcass member 
or inner liners, and also maintain the positional relationship, about the center axis, 

30 between the remaining tire constituting members applied after the setting of the 
bead cores, such as the belt member or tread rubber member, both substantially 
constant, notwithstanding the above-mentioned rotational angle of the carcass 
band. By this, it is possible to maintain the optimally predetermined positional 
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relationship of each member relative to the joint position, to realize the well- 
balanced tire performance. 

[0022] A third aspect <3> of the present invention provides a tire building 
machine comprising a forming drum having an outer peripheral surface for 
5 applying a carcass band thereon, for causing a radial expansion of only an axially 
center portion of the carcass band, and a bead setter device including a pair of 
clamp portions for clamping a pair of bead cores, respectively, and moving the 
clamp portions so that the clamped bead cores are urged from axially outer sides 
to stepped surfaces formed at said surfaces of the expanded center portion of the 

10 carcass band, to thereby set the bead cores to the carcass band. The tire 

building machine further comprises forming drum rotation angle control means 
for rotating the forming drum on which the carcass band is applied, by a required 
angle that is determined by a radial force waveform obtained, before building of 
a desired tire, with respect to a tire of the same size, or by a characteristic 

15 waveform having a correlation to the radial force waveform; and an eccentricity 
control means for moving a center axis of at least one of the clamp portions of 
the bead setter device relative to a center axis of the forming drum, to an 
eccentric position in a predetermined direction, and by a required distance that is 
determined by the waveform. 

20 [0023] Since the building machine according to aspect <3> of the present 
invention comprises forming drum rotation angle control means for rotating the 
forming drum on which the carcass band is applied, by a required angle that is 
determined by a radial force waveform obtained, before building of a desired tire, 
with respect to a tire of the same size, or by a characteristic waveform having a 

25 correlation to the radial force waveform, and an eccentricity control means for 
moving a center axis of at least one of the clamp portions of the bead setter 
device relative to a center axis of the forming drum, to an eccentric position in a 
predetermined direction, and by a required distance that is determined by the 
waveform, it is possible to control the direction and magnitude of the positional 

30 deviation between the center axis of the carcass band and the center axis of the 
bead core, so as to generate the above-mentioned inverted first order harmonic 
waveform and thereby provide an improved RFV of the tires. 
[0024] As for the means for providing the above-mentioned positional or 
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angular deviation, instead rotating the carcass band as performed in the tire 
building machine according to the present invention, an alternative method may 
be feasible wherein, upon eccentric displacement of the center axis of the bead 
core or the carcass band, not only the magnitude of the displacement, but also the 
5 direction of the displacement is controlled. However, the tire building machine 
according to the present invention utilizes an existing function of rotating the 
band drum by a required angle, which function is usually provided, so that it 
would be sufficient for the mechanism for causing an eccentric displacement of 
the center axis of the bead core or the carcass band to have only a one freedom 
10 degree, with the result that the means for providing the above-mentioned 
positional deviation may be simplified to save the cost and space for the 
equipment, as compared to the alternative method. 

[0025] A fourth aspect <4> of the present invention provides a tire building 
machine according to aspect <3>, wherein said forming drum rotation angle 
15 control means is adapted to cause said forming drum, on which said carcass band 
is applied and said bead cores have been set, to be rotated by said angle for 
rotating the carcass band, in an opposite direction. 

[0026] Since the tire building machine according to aspect <4> comprises a 
forming drum rotation angle control means that is adapted to cause said forming 

20 drum, on which the carcass band is applied and the bead cores have been set, to 
be rotated by the same angle for rotating the carcass band, in an opposite 
direction, it is possible to maintain the joint positions of the carcass band 
constituting members, such as carcass member or inner liners, and also maintain 
the positional relationship, about the center axis, between the remaining tire 

25 constituting members applied after the setting of the bead cores, such as the belt 
member or tread rubber member, both substantially constant, notwithstanding the 
above-mentioned rotational angle of the carcass band. By this, it is possible to 
maintain the optimally predetermined positional relationship of each member 
relative to the joint position, to realize the well-balanced tire performance. 

30 [0027] A fifth aispect <5> of the present invention provides a method for 

building a tire comprising bead cores, and a carcass extending toroidally between 
the bead cores and having side portions that are turned-up radially outwards 
around the bead cores, wherein said method comprises: preparing a presumption 
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formula for presuming a first order harmonic component of a radial run-out 
waveform toroidal carcass body that generates positional or angular deviation 
between a center axis of a cylindrical carcass band and a center axis of the bead 
core; measuring a radial run-out of the toroidal carcass body along its entire 
circumference, and obtaining an inverted first order harmonic waveform by 
inverting a measured waveform of the radial run-out, or by inverting a first order 
harmonic component extracted from said measured waveform of the radial run- 
out; obtaining, upon subsequent building of a tire having the same size as said 
tire by the same building machine, a positional or angular deviation between a 
center axis of a cylindrical carcass band and a center axis of the bead core, which 
generates said inverted first order harmonic waveform, based on calculation 
using said presumption formula; and changing the relative position or relative 
angle between the center axis of at least one of said bead cores and the center 
axis of the carcass band, in a direction of the deviation and by an amount of the 
deviation, obtained by said presumption formula, respectively, so as to set the 
bead cores to the carcass band, 

[0028] Aspect <5> is to use, instead of the above-explained RF waveform of 
tires or RR waveform of GT, the radial run-out RR of the toroidal carcass body 
TC, and to control the positional or angular deviation of the center axes of the 
bead cores and the carcass band, so as to generate the inverted first order 
harmonic waveform based on the RR of TC. 

[0029] The RR waveform of TC refers to a waveform of variation in radius at 
a widthwise center position of a toroidal carcass body, i.e., an intermediate 
molded body obtained by clamping those portions of the carcass band, which 
correspond to the bead cores, respectively, by reducing the distance between the 
bead cores and filling an inner pressure to the carcass band portion that extends 
between the bead cores so as to cause an expansion in to a toroidal shape, and 
folding portions of the carcass band on both outer sides of the bead cores, as seen 
in the width direction, around the respective bead cores. It is known that the RR 
waveform of TC has a close correlation to the building-related waveform of the 
above-mentioned RF of the product tire. Thus, as explained above, it is possible 
to control the positional or angular deviation between the center axes of the bead 
core and the carcass band so as to generate an inverted first order harmonic 
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waveform corresponding to the RR waveform of TC as measured, so as to 
minimize the amplitude of the building-related waveform and eventually provide 
a reduced RFV level of the product tire. 

[0030] The method for controlling the positional or angular deviation 
between the center axes of the bead core and the carcass band based on the RR 
waveform of TC is to measure the RR before the application of the belt member 
or the tread rubber member, and makes it possible to minimize the feed-back 
delay of the measured result and promptly perform the correction and optimize 
the positional relationship between the carcass band and the bead cores, before 
these members are applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] FIGS. 1(a) and 1(b) are RF waveform chart useful for understanding 
the tire building machine according to the present invention; 

FIGS. 2(a) and 2(b) are also RF waveform chart useful for 
understanding the tire building machine according to the present invention; 

FIG. 3 is a schematic front view showing a tire building machine 1 
according to a first embodiment of the present invention; 

FIG. 4 is a front view of the bead setter as seen in the direction of 
arrows IV-IV in FIG. 3; 

FIG. 5 is side view of the bead setter as seen in the direction of arrows 
V-V in FIG. 4; 

FIGS. 6(a) and 6(b) are schematic views showing the forming drum 
from the axial direction; 

FIG. 7 is a schematic front view showing a tire building machine 1 
according to a second embodiment of the present invention; 

FIG. 8 is a side view showing a traveling base portion of the bead core 
transfer device; 

FIG. 9 is a cross-sectional view taken along the line IX-IX in FIG. 8; 

FIGS. 10(a) and 10(b) are schematic views showing the band drum 
and the forming drum from the axial direction, respectively; 

FIGS. 11(a) to 11(c) are longitudinal-sectional views along the center 
axis of the carcass band, explaining the steps for setting the bead cores to the 
carcass band; 
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FIGS. 12(a) and 12(b) are longitudinal-sectional views explaining the 
steps performed after the steps of FIGS. 11(a) to 11(c); and 

FIG. 13 is a flowchart showing the tire manufacturing method 
according to a third embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0032] A first embodiment of the present invention will be described below 
with reference to FIGS. 3 to 6. As explained above, FIG. 3 is a schematic front 
view showing a tire building machine 1 according to a first embodiment of the 
present invention. The tire building machine 1 includes a main body 2 of the 
machine, a forming drum 3 which is rotatably supported in a cantilever manner 
by the main body 2, for forming a carcass band C thereon by applying an inner 
liner member and a carcass member, bead setters 4A, 4B which are arranged on 
both axial sides of the forming drum 3, respectively, so as to be movable in the 
axial direction, rails 5 which are fixedly arranged and oriented in the axial 
direction, and traveling guides 7A, 7B which are secured to the bead setters 4A, 
4B, respectively, for supporting the bead setters, and adapted to travel along the 
rails 5. 

[0033] In FIG. 3, the tire building machine 1 is shown as assuming a position 
wherein, after formation of a cylindrical carcass band C on the forming drum 3, 
the center portion 3A of the forming drum 3 is radially expanded to cause a radial 
expansion of the center portion of the carcass band C such that stepped surfaces 
D are formed on both sides of the center portion of the carcass band. 
[0034] Each bead setter 4A, 4B includes a clamp portion 6A, 6B for clamping 
the relevant bead core B. The clamp portions 6 A, 6B are axially moved toward 
the center portion so that the bead cores B are urged against the stepped surfaces 
D of the -carcass band C to thereby set the bead cores to the carcass band. 
[0035] The tire building machine 1 has an arrangement wherein the clamp 
portion 6A of the bead setter 4A on the left side, for example, has a center axis 
LI which can be displaced in a horizontal plane in a direction perpendicular to 
the shaft, by a required amount while maintaining a parallel relationship with 
reference to the center axis LO of the tire building machine 1, and wherein the 
forming drum 3 can be stopped at a required rotational position about its center 
axis. The displacement of the center axis LI in a horizontal plane makes it 
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possible to control the amplitude of the first order harmonic waveform of the 
cord path waveform, while the rotation of the forming drum 3 makes it possible 
to control the phase of he first order harmonic waveform of the cord path . 
waveform, to the respectively required values. Such function of the tire 
5 building machine will be more fully described below. 

[0036] It is noted that, in the embodiment shown in FIG. 3, the clamp portion 
6B of the bead setter 4B on the right side has a center axis L2 which is fixed. 
However, the center axis L2 of the bead setter 4B on the right side may be 
displaced in the same direction and by the same amount as the bead setter 4A on 
10 the left side. In this instance, an functional advantage is achieved whereby the 
characteristics of the green tire can be made more symmetrical on the right and 
left sides. 

[0037] As mentioned above, FIG. 4 is a front view of the bead setter 4A on 
the left side, as seen in the direction of arrows IV- IV in FIG. 3, and FIG. 5 is side 

15 view of the bead setter 4A as seen in the direction of arrows V-V in FIG. 4. 

The bead setter 4A comprises a base 11, a mounting plate 13 which is secured to 
the base 11 through an intermediate ring 12, a servomotor 15 mounted on the 
mounting plate 13 through a bracket 14, a screw-threaded shaft 16 which is 
vertically arranged and rotatably supported by the bracket 14 so as to be driven 

20 by the servomotor 15, a movable block 17 which is threadedly engaged with the 
screw-threaded shaft 16 so as to be moved vertically upwards and downwards as 
the screw-threaded shaft 16 is rotated, and a horizontally movable plate 21 which 
is guided by pins 19 provided for the mounting plate 13 so as to be movable back 
and forth in the horizontal direction. The horizontally movable plate 21 is 

25 fixedly provided with an inclined guide 22, which is slightly inclined relative to 
the vertical direction, and also with the above-mentioned clamp portion 6A. 
while the movable block 17 is fixedly provided with an inclined guide engaging 
portion 23, which engages with the inclined guide 22. 

[0038] In the bead setter 4A, when the servomotor 15 is driven to rotate the 
30 screw-treaded shaft 16, the movable block 17 is caused to move in the vertical 
direction. It is assumed that the horizontally movable plate 21 is restrained so 
as to be movable only in the horizontal direction. Since the inclined guide 22 
provided for the movable block. 17 is engaged with the inclined guide engaging 
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portion 23 of the movable block 17, as mentioned above, the rotation of the 
screw-threaded shaft 16 causes the horizontally movable plate 21 t be moved in 
the horizontal direction. 

[0039] Assuming that the inclined guide 22 forms an angle a relative to the 
5 vertical direction, the horizontally movable plate 21 is moved in the horizontal 
direction by a distance which is tan a times of the distance with which the 
movable block 17 is moved in the vertical direction. Thus, by adjusting the 
rotation angle of the servomotor 15, it is possible to move the center axis of the 
clamp portion 6A secured to the horizontally movable plate 21 in the horizontal 

10 direction relative to the center axis of the forming drum 3 by the required amount 
and in eccentric manner keeping the parallel relationship therebetween. Also, if 
tan a is reduced, the accuracy of the stopping position of the horizontally movable 
plate 21 is improved by the reduced amount so that the center axis LI of the clamp 
portion 6A can be positioned in the horizontal direction with higher accuracy. 

15 [0040] When the bead core B is set to the carcass band C in the illustrated 
embodiment, as mentioned above, the clamp portion 6A of the bead setter 4A is 
moved in the horizontal direction so as to move the center axis of the bead core B 
in the same direction in eccentric manner. At the same time, as shown in FIG. 
6(a) which is a schematic view of the forming drum as seen from the axial 

20 direction, after the formation of the carcass band C but before the setting of the 
bead cores B thereto, the forming drum 3 is rotated by an angle 8, under the 
control of forming drum rotation angle control means, not shown, such that the 
peak of the inverted first order harmonic waveform to be generated has a 
circumferential position which is oriented in the horizontal direction. After the 

25 bead cores B have subsequently been set to the carcass band C, the forming drum 
3 is rotated as shown in FIG. 6(b) by the same angle 6 as the previous rotation, 
but in the opposite direction. 

[0041] By the above-mentioned operations, it is possible to generate the 
required inverted first order harmonic waveform in an optimally adjusted manner, 
30 to accurately maintain the desired positional relationship between the tire 
constituting members. 

[0042] The tire building machine 1 according to the present invention has been 
explained above with reference to an example wherein the clamp portion 6A is 
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movable as being constrained in a horizontal plane. However, the clamp portion 
may be constrained in a vertical plane or in a plane extending in any direction. 
[0043] A second embodiment of the tire building machine according to the 
present invention will be explained below with reference to FIGS. 7 to 12. 
5 As explained above, FIG. 7 is a schematic front view of the tire building machine 
31 according to the second embodiment. The tire building machine 31 includes 
a main body 32 of the machine, a band drum 33 which is rotatably supported in a 
cantilever manner by the main body 2, for applying tire constituting members 
including a carcass band C, bead core transfer devices 34A, 34B which are 
10 arranged on both axial sides of the band drum 33, respectively, so as to be 

movable in the axial direction, and rails 35 for supporting these elements and 
guiding them in the axial direction. 

[0044] The bead core transfer device 34A, 34B are, respectively, provided 
with clamp portions 36A, 36B for clamping the bead cores B, and traveling base 

15 portions 37 A, 37B for supporting them and adapted to travel along the rails 5. 
In FIG. 7, the tire building machine 31 is shown as assuming a position wherein, 
after application of the carcass band C onto the band drum 33, the bead core 
transfer devices 34A, 34B clamping the bead cores B have been moved in the 
axial direction to predetermined axial positions on the outer periphery of the 

20 band drum 33. 

[0045] The band drum 33 can be then radially expanded so as to urge the 
carcass band C to the inner peripheral surfaces of the bead cores B, which are 
clamped by the clamp portions 36A, 36B, so as to set the bead cores B to the 
carcass band C. 

25 [0046] The tire building machine 31 has an arrangement wherein the clamp 
portion 36A of the bead setter 34A on the left side, for example, has a center axis 
LI which can be inclined in a vertical plane by a required angle, and wherein the 
band drum 33 can be stopped at a required rotational position about its center 
axis. The inclination of the center axis LI in a vertical plane makes it possible 

30 to control the amplitude of the first order harmonic waveform of the cord path 

waveform, while the rotation of the band drum 33 makes it possible to control the 
phase of he first order harmonic waveform of the cord path waveform, to the 
respectively required values. Such function of the tire building machine will be 
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more fully described below. 

[0047] As mentioned above, FIG. 8 is a side view showing a traveling base 
portion of the bead core transfer device, and FIG. 9 is a cross-sectional view 
taken along the line IX-IX in FIG. 8. The traveling base portion 37A of the bead 
5 transfer device 34A comprises a runner 41 A which is movable along the rails 35, 
and a base block 42A which is fixedly connected to the runner 41 A. The base 
block 42Ais fixedly provided with a pivot 49A which extends in the horizontal 
direction, and the clamp portion 36A is arranged so that it can swing about the 
pivot 49A. Thus, the clamp portion 36A is permitted to swing about the pivot 

10 49A in a vertical plane. 

[0048] The base block 42A is provided with a servomotor 43A, a worm 44A 
connected to the output shaft of the servomotor 43A, and a worm wheel 45A 
which is meshed with the worm 44A and directly connected to a drive shaft 46A 
to rotate the same. The drive shaft 46A extends in parallel with the pivot 49 A, 

15 and has an eccentric cross-section. The drive shaft 46A is rotatably supported 
by the base block 42A, and engaged with an elongated hole formed in a bearing 
member 47 which is connected to the clamp portion 3 6 A. 

[0049] When the servomotor 43A is rotated by a predetermined angle so as to 
rotate the drive shaft 46A through the worm 44A and the worm wheel 45 A, the 
20 engaging position between the eccentric drive shaft 46A and the elongated hole 
in the bearing member 47 is changed, so that the clamp portion 36A is caused to 
swing about the pivot 49A to thereby incline the center axis of the clamp portion 
36A in the vertical plane by a required angle. 

[0050] When the bead core B is set to the carcass band C in the illustrated 
25 embodiment, as mentioned above, the clamp portion 36A of the bead transfer 
device 34A is inclined so as to incline the center axis of the bead core B in the 
vertical plane. At the same time, as shown in FIG. 10(a) which is a schematic 
view of the band drum 33 as seen from the axial direction, after the formation of 
the carcass band C but before the setting of the bead cores B thereto, the band 
30 drum 33 is rotated by an angle <|), under the control of band drum rotation angle 
control means, not shown, such that the peak of the inverted first order harmonic 
waveform to be generated has a circumferential position which is oriented in the 
vertical direction. 



04856 (16/21) 



- 17- 



[0051] FIGS. 11(a) to 11(c) and FIGS. 12(a) and 12(b) are longitudinal- 
sectional views along the center axis of the carcass band C, explaining the steps 
for setting the bead cores B to the carcass band C. As shown in FIG. 11(a), the 
carcass band C formed on the band drum 33 is caused to rotate by the above- 
5 mentioned required angle (|), and the bead cores clamped by the clamp portions 
36A, 36B of the bead setters 34A, 34B are then placed on the outer periphery of 
the carcass band C. Subsequently, as shown in FIG 11(b), the band drum 33 is 
radially expanded so that the outer peripheral surface of the carcass band C is 
tightly urged under pressure against the inner peripheral surfaces of the bead 

10 cores B. Further, as shown in FIG 11(c), when the band drum 33 is 

subsequently retracted in the radial direction to have a reduced diameter, the 
carcass band C to which the bead cores have been set is transferred to the bead 
transfer devices 34A, 34B as being clamped by the clamp portions 36A, 36B, 
[0052] FIG 12(a) shows that the carcass band C assembled with the bead 

15 cores B is clamped by the bead transfer devices 34A, 34B and placed on the 

radially outer side of a forming drum 40. After such a state has been achieved, 
as shown in FIG. 12(b), bead lock portions 40b of the forming drum 40 are 
radially expanded so as to clamp the those portions of the carcass band, which 
correspond to the bead cores, respectively. By this, the carcass band C 

20 assembled with the bead cores B is clamped on the outer periphery of the 
forming drum 40. Subsequently, the clamp portions 36A, 36B are radially 
expanded so as to allow the bead core transfer devices 34A, 34B to be retracted 
from the outer peripheral position of the forming drum 40, thereby transferring 
the carcass band assembled with the bead cores, onto the forming drum 40. 

25 [0053] Subsequently, as shown in FIG. 10(b) which is a schematic view of 
the forming drum 40 as seen from the axial direction, the forming drum 40 is 
rotated by a forming drum rotation angle control means, not shown, by the same 
angle (|), with which the band drum 33 has been previously rotated, but in the 
opposite direction. By this, it is possible to maintain the predetermined joint 

30 position of each member, thereby making it possible to manufacture stable and 
well-balanced tires. 

[0054] A flowchart showing the tire manufacturing method according to a 
third embodiment of the present invention is shown in FIG. 13. In this instance. 
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upon building of a green tire, a carcass band is formed (step A), and a toroidal 
carcass body (TC) is then formed by deforming the carcass band into a toroidal 
shape and folding up the end portions of the carcass band around the bead cores, 
before a belt member and a tread rubber member are applied (step C) so as to 
5 complete the formation of a green tire (step D). According to the present 
invention, however, before the application of the belt member and the tread 
rubber member (step C), the RR waveform of the TC is measured (step B), and 
the measured waveform is analyzed according to the procedure similar to that 
explained above with reference to the RF of the tire, so as to determine an 

10 inverted first order harmonic waveform corresponding to the RR waveform of the 
TC, based on which calculations are performed to determine the magnitude m 
and the direction a of the positional or angular deviation, upon setting of the 
bead cores to the carcass band of a next tire to be manufactured (step E), and the 
tire building machine is controlled so as to generate the above-mentioned 

15 positional or angular deviation, and to set the bead cores to the carcass band, so 
as to form a carcass band assembled with the bead cores (step A). 

INDUSTRIAL APPLICABILITY 
[0055] It will be appreciated from the foregoing description that, with the tire 
building machine according to the present invention, due to the provision of a 

20 band drum rotation angle control means for rotating a band drum applied with a 
carcass band, by a required angle determined on the basis of the Radial force 
waveform of a tire of the same size measured prior to the tire building, or the 
characteristic waveform of a tire correlated therewith, and an inclination control 
mechanism for inclining the center axis of at least one of the grip sections of a 

25 bead core transfer device with respect to the axis of the band drum in a 

predetermined direction by the required angle determined on the basis of the 
aforesaid waveform, it is possible to provide an improved RFV level by means of 
a simple mechanical measure. Also, since the bead cores are set to the carcass 
band by controlling a positional or angular deviation between the center axes of 

30 the bead cor3s and the carcass band, so as to generate an inverted first order 

harmonic waveform based on the RR waveform of the TC, degradation of the RR 
of the TC can be promptly compensated, which also serves to provide an 
improved RFV level. 
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